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SYNOPSIS 
Mitochondrial import of a subset of nuclear encoded tRNAs has been reported in a number of 
organisms including yeast, ciliates, higher plants and kinetoplastid protozoas. Assuming that 
mitochondria are genetic parasites and monophyletic in origin, it is difficult to explain the loss of 
a variable number of tRNA genes, apparently randomly, in different protists and higher plants. 
To sustain mitochondrial translation, Tetrahymena imports at least two third of their tRNAs 
while only tRNALys is imported in yeast. In higher plants import selectivity is again different even 
among closely related species. Thus, there appears to be a species-specific selectivity for 
tRNA import. 
 
The trypanosomatids, Leishmania andTrypanosoma, represent an extreme situation, where all 
the tRNAs are imported. However, there is an isoacceptor specificity; for example in 
Leishmania, while tRNAGln(UUG) is imported, tRNAGln(CUG) is not imported. Studies on the 
mechanism of these processes in vitro and in organello are scarce. 
 
To study this import process in detail, an in organello import assay system was developed, and 
the distribution of the imported tRNA in different mitochondrial compartments was studied. 
The main aims of this study were:- 
 
1.  To study the bioenergetics of RNA import through the double membrane of L ishmania 
mitochondria. The proton motive force generated during electron transport provides energy 
for several mitochondrial transport systems. Experiments were carried out to study the role 
of this proton motive force in tRNA import. 
2.  To study the importance of D arm of tRNATyr for its mitochondrial import in vivo and in 
vitro.  Site-specific mutagenesis of the D arm sequence has carried out and its effect on 
both outer and inner mitochondrial membrane transfer was examined.  
3.  To identify and characterize import signals present on other importable tRNAs. A 
combinatorial RNA library of random sequence was used for Systematic Evolution of 
Ligand by EXponential enrichment (SELEX) using Leishmania mitochondria. The 
interactions among the evolved ligands were also studied. 
 
It was observed that tRNA import process was dependent on ATP hydrolysis. Non-
hydrolysable ATP analogues had no stimulatory effect on tRNA import in vit o.The 
energetics of this process was also studied in vitro using different inhibitors and uncouplers 
of membrane potential. It was predicted that F1F0 ATPase of inner mitochondrial membrane 
probably uses ATP to generate protonmotive force across the inner membrane, which  
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actually drives tRNA import. In support of this hypothesis it was found, that oligomycin, an 
inhibitor of F1 0 ATPase, could inhibit the inner membrane transfer of tRNA. Involvement of 
both the electrical and chemical components of protonmotive force was proved in 
experiments using valinomycin/K+ and nigericin (un-couplers of DYand DpH component of 
protonmotive force, respectively). In both cases, the efficiency of inner membrane transfer 
was lowered significantly. From these observations and kinetic experiments, a stepwise 
transfer model of tRNA import was proposed for Leishmania mitochondria. 
 
With different D arm mutants, it was shown that the signal sequence requirements, both in 
terms of primary sequence and secondary structure were different for the outer and inner 
membrane of Leishmania mitochondria. At the outer membrane, a conserved primary signal 
sequence was required, whereas for inner membrane transfer, the stem loop structure apart 
from the primary sequence was essential. 
 
“SELEX” or Systematic Evolution of Ligand by EXponential enrichment approach identified a 
number of putative import signals. Based on homology analysis, a number of import signals in 
different parts of physiological tRNAs was identified and experimentally verified. When used in 
combinations, the evol ed ligands show both positive and negative cooperativity in terms of 
binding and import. These novel antagonistic and cooperative interactions might constitute the 
actual mode of regulation of physiological tRNA import in Leishmania mitochondria. 
 
Further, an autonomous tRNA import complex from the inner membrane of Leishmania 
mitochondria was purified and characterized. This complex, (RIC), was purified from the crude 
DOC extract of inner membrane of Leishmania mitochondria by a RNA affinity chromatography. 
This receptor inner membrane complex or RIC was used for functional reconstitution of RNA 
import system in proteoliposomes. Further, in complementation assays it was observed that 
tRNAs could be imported into the human mitoplasts, in presence of RIC.  Both protein profile 
and morphology of this complex was also determined.  
 
 
 
 
 
 
 
 
